




R. BEHNKE ET AL. Ecological Applications 
Vol. 26, No. 5

1340

We investigated eight widely used gridded products 
that provide temperature and/or precipitation data on 
daily time scales throughout our study period: CPC, 
Daymet, Livneh, Maurer, NLDAS2, PRISM, TopoWx, 
and UIdaho (Table 1). Their spatial resolutions range 
from �ne (TopoWx at 800 m and DayMet at 1 km) to 
fairly coarse (CPC at 0.25°, or ~25 km), allowing us to 
evaluate accuracy as a function of resolution (Question 
4). Because gridded products differ in how they de�ne a 
calendar day (e.g., local time relative to Coordinated 
Universal Time), appropriate lag correlations were 
applied through cross- correlation analysis to account for 
the several- hour offset in daily station data.

The downscaling and gridding methods of these data 
sets vary substantially and are summarized in Table 2. It 
is beyond the scope of this study to describe these 
methods in detail, but we provide a brief overview here. 
Broadly speaking, the various interpolation methods can 
be roughly categorized according to their sophistication 
into three groups. The simplest methods, lapse rate- based 

and gauge- based, apply a constant elevation correction 
for temperature (�6.5°C/km) and a basic regression or 
weighting algorithm to upscale precipitation measured 
at a rain gauge to the mean precipitation in a grid cell. 
This method is used to generate the CPC, Maurer, and 
Livneh products, which apply either the optimum inter-
polation algorithm (CPC) or the SYMAP computer 
mapping algorithm (Maurer, Livneh) that employs an 
inverse- distance weighting approach. An intermediate 
level, topoclimatic, incorporates environmental covar-
iates such as elevation, aspect, slope, distance to coast, 
and land surface temperature. This procedure is used to 
generate PRISM, Daymet, and TopoWx. A third 
method, employed to generate NLDAS2 and UIdaho, 
employs a hybrid approach by using data from a com-
bination of sources, including station data, reanalysis, 
other monthly or daily gridded data, or modeled data. 
For example, precipitation in the NLDAS2 data set is 
debiased according to observations, while its temperature 
�elds are downscaled directly from reanalysis data (i.e., 

FIG. 1. The modi�ed Bukovsky regions and the locations of stations used as reference data.
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Regions
Appalachia
C. Plains
Deep South
Great Basin
Great Lakes
Mezquital
Mid-Atlantic

N. Atlantic
N. Plains
N. Rockies
Pacific NW
Pacific SW
Prairie
S. Plains
S. Rockies

Southeast
Southwest

TABLE 1. Information on the eight gridded data products used in this study. 

Data set Variables used Time span Resolution (km)

Climate prediction center uni�ed gauge- based analysis of daily 
precipitation (CPC)

prcp 1948� 28 × 21

Daymet prcp, tmax, tmin 1980�2014 1 × 1
Livneh prcp, tmax, tmin 1915�2013 7 × 5
Maurer prcp, tmax, tmin 1949�2010 14 × 10
National land data assimilation system, version 2 (NLDAS2) prcp, tmax, tmin 1979� 14 × 10
Parameter- elevation regressions on independent slopes model 

(PRISM (AN81d))
prcp, tmax, tmin 1981�2014 5 × 4

Topographical (TopoClimatic) weather (TopoWx) tmax, tmin 1948�2014 0.8 × 0.8
UIdaho prcp, tmax, tmin 1979�2014 4 × 4

Notes: Variables are daily precipitation (prcp), daily maximum temperature (tmax), and daily minimum temperature (tmin). 
Data sets for which resolutions are in degrees have been converted to an equivalent resolution expressed as latitude × longitude for 
a grid box at 40°N, approximately in the center of the analysis domain.
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both the national and regional levels. These evaluations 
captured the ability of the gridded data products to 
 represent observed weather conditions over the entire 
distribution of temperature and precipitation. We then 
evaluated for extreme weather conditions using the 
CLIMDEX indices and assessed the in�uence of spatial 
resolution. All of the gridded data sets provide both tem-
perature and precipitation data, except for CPC (precipi-
tation only) and TopoWx (temperature only).

RESULTS

Accuracy of temperature vs. precipitation

Across the conterminous United States, gridded values 
of temperature matched weather station records closely, 
with very high correlation coef�cients (> 0.9) and nearly 
identical temporal variability (Fig. 2). By contrast, the 

agreement for precipitation was much weaker, as all the 
data sets exhibited correlations < 0.8 with much larger 
RMSE and weaker temporal variability than observed. 
According to the Taylor diagram, the Maurer data 
 provided the best match with observations in terms of 
correlation, variability (daily standard deviation), and 
RMSE, whereas NLDAS2 and UIdaho showed the 
largest discrepancies. Thus, at least on a nationwide 
basis, temperature was represented far more realistically 
and uniformly than precipitation in all of the gridded 
products (Question 1).

Regional variations

Regional variations in the performance of the gridded 
products, as displayed in the portrait plots, showed con-
siderable variability in mean bias and mean absolute 
error for temperature and precipitation among the 
Bukovsky regions, as well as the national average (Fig. 3). 
Mean regional biases in temperature ranged from �2.5°C 
to +4°C and were almost all negative for the daily 
maximum (gridded data were cooler than observed), 
whereas biases of both signs occurred for the daily 
minimum. Although no product stood out as superior 
across ecoregions, Daymet had the smallest mean bias 
nationwide (�0.06°C). Conversely, NLDAS2 overesti-
mated minimum temperature (mean bias = 2.46°C) and 
underestimated maximum temperature (mean bias = 
�1.23°C) much more than the other data sets. Mean 
absolute errors for both minimum and maximum tem-
perature generally clustered between 1°C and 2°C in all 
regions, except for NLDAS2, which had values > 3°C 
for maximum temperature and > 4°C for minimum tem-
perature. The in�uence of topography was not straight-
forward. With respect to the mean bias, regions with high 
topography, such as the Northern and Southern Rockies, 
exhibited the largest differences with observations, while 
�atter and more topographically uniform regions, such 
as the Plains, showed the smallest differences. However, 
this topographic effect was much less clear in terms of 
mean absolute error, in that the Northern and Southern 
Rockies had among the largest differences of any region, 
yet so did the much �atter Northern and Central Plains. 
Overall, the magnitude of the mean bias and mean 
absolute error, when averaged over all data sets and 
regions, was comparable between the daily maximum 
and daily minimum temperature (�0.31°C and 0.26°C 
for mean bias and 1.69°C and 1.49°C for mean absolute 
error, respectively).

For precipitation, PRISM had a clear negative mean 
bias in most regions, while the mean bias for other data 
sets was slightly positive. Livneh exhibited the smallest 
mean bias nationwide (0.03 mm) and Daymet the largest 
(0.14 mm). However, the magnitude of the mean biases 
among the data sets was very small, < 0.2 mm, compared 
with the mean absolute errors that sometimes exceeded 
3 mm. The spread of the mean absolute errors was more 
substantial, ranging from a low of 1.17 mm in Maurer 

FIG. 2. Taylor diagram showing the ability of gridded data 
sets to represent station observations for maximum temperature 
and precipitation. Minimum temperature is not shown because 
it is very similar to maximum temperature.
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FIG. 3. Portrait plot showing the annual mean bias and mean absolute errors by region for gridded temperature and precipitation 
compared to observed values. The All categories represent the mean bias and mean absolute error for the average temperature and 
precipitation values of all the gridded data sets in a region (x- axis) or of all the regions in a data set (y- axis).
















